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Allosteric cooperativity in respiratory proteinsPreface
This Special Issue is published on the occasion of the Bari International
Workshop on “Allosteric cooperativity in soluble, membrane bound
hemoproteins and related membrane systems.” Bari, May 29th 2010.
Allosteric regulation in oligomeric and monomeric proteins
represents a major structural/functional attribute which confers to
the system the capacity to cope with changes in physiological
demands of the cell by a molecular mechanism based on “conforma-
tional selection.” Allosteric cooperativity is a complex, sophisticated
and widespread control mechanism described by elegant and
effective mathematical models and supported by advanced experi-
mental data obtained by X-ray crystallography, transient spectrosco-
py, computational analysis, and more.
Allosteric cooperativity involves stereochemical/thermodynamic
coupling of distinct binding/catalytic sites in monomers and interact-
ing subunits of oligomeric proteins. Electrostatic effects of charged
ligands may be involved in thermodynamic coupling effects, and
binding of a ligand/substrate can be linked to conformational changes
in the tertiary structure of the protein shifting the relative population
of the quaternary allosteric states and counteracting electrostatic
effects of charged ligands/substrates.
Classically, two types of allosteric effects have been identiﬁed.
Homotropic interactions control the binding of the same type of
ligand/substrate to two (or more) identical “active” sites; while
heterotropic interactions involve binding of small molecules different
from the “substrate” to sites topologically distinct from the “active”
site. Cooperativity is manifested when the binding of a ligand at a
speciﬁc site affects the binding of the same or a different species to
other site(s); on the other hand, anticooperative effects may arise
when the interaction between sites is negative.
The paradigmatic example of thermodynamic allosteric coupling is
exempliﬁed by the alkaline Bohr effect in hemoglobin, i.e. the increase
in oxygen afﬁnity as the pH is raised above 7 with well known
physiological consequences involving oxygen and carbon dioxide
transport. The Bohr effect is the prototype of an heterotropic coupling
between oxygen binding at the heme iron and protons or other small
molecules binding to the protein.
The concepts, functional features and physiological implications of
allosteric thermodynamic coupling have been extended over the years,
from the classical oxygen transport protein hemoglobin to membrane
bound multi-subunit complexes of the respiratory chain and their
electron and energy transduction properties. The pH dependence of the
redox potential of electron-transfer metal centers in respiratory
proteins reveals, in fact, the presence of thermodynamic coupling of
proton transfer at distinct sites in the protein with electron transfer at
themetals. By analogywith hemoglobin, this coupling has been deﬁned0005-2728/$ – see front matter © 2011 Published by Elsevier B.V.
doi:10.1016/j.bbabio.2011.05.010redox Bohr effect. In the case of membrane bound respiratory chain
proteins the redox Bohr effect can acquire topological vectoriality, and
thereby become a crucial component of a redox driven proton pump.
The present issue collects reviews and original articles written by
investigators active in the ﬁeld of allosteric regulation in respiratory
proteins, published almost half a century after the birth date of the
term “allosteric inhibition” coined in July 1961 by J. Monod and F. Jacob
(as reported in the Discussion section of the Cold Spring Harbor Symp.
Quant. Biol. Vol. 26, p. 391).
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